The Role of Invertebrates in the 
Decomposer System 


By J. B. CRAGG! 


Every ecosystem has an association of organisms which, com- 
bined with abiotic environmental factors, brings about the de- 
struction and simplification of the remnants of organic matter. 
This decomposer component, therefore, contributes to the 
recirculation of at least part of the chemical materials on which 
the functioning of the ecosystem depends. 

The amount of material that passes into the decomposer seg- 
ment of an ecosystem consists of a large part of the total primary 
production. In an uncropped ecosystem, everything finally enters 
the decomposer system. Even in systems that are cropped, a 
considerable part of the primary production is lost to man. Mac- 
fadyen (42) points out that in a grassland ecosystem used for 
raising cattle, some four-sevenths of the energy converted into 
primary production ends up as dead vegetation to be acted upon 
by decomposer organisms. The same general condition applies to 
woodlands. Ovington (53) has produced an energy budget for 
Pinus (pine) plantations in England which demonstrates that, 
over the 18-year period (17-35 years after planting), one-third of 
the net primary production is accumulated in the living trees, 
another third passes into the decomposer cycle, and only one-sixth 
is harvested by man. The relative proportions of the energy bud- 
get that ended up, over a 55-year period, in the different com- 
ponents of the ecosystem are shown in Figure 1. 

No adequate estimates are available of litter production for 
coniferous forests in the Northern Rockies. Bray and Gorham 
(10) list only three areas in their arctic-alpine group: stands at 
3000 meters in the Sierra Nevada, California, at 800 meters in 
southern Norway, and in the Kola Peninsula, USSR. The more 
extensive data for evergreen forest in the cool-temperate zone 
indicates an average total tree production of 13.2 metric tons per 
hectare per annum, of which three to four metric tons will be 
litter. Therefore, a litter fall of some one to three tons per annum 
can be expected to enter the decomposer system, along with root 
material, in many parts of the Northern Rockies. 

There are no comprehensive accounts of the types, numbers, 
and activities of litter and soil invertebrates in Rocky Mountain 
ecosystems. However, certain generalizations are emerging from 
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FIGURE 1. Energy budget for plantations of Pinus sylvestris from time 
of planting (53). 


studies elsewhere, particularly studies in the cool-temperate re- 
gions of Europe. I shall describe these, in order to demonstrate 
the modern approach to studies on the decomposer system, hoping 
that they will provide the stimulus for much needed studies in 
the Rockies. The following major works give an up-to-date in- 
troduction to the literature and to the various points of view which 
characterize modern studies in soil biology: Doeksen and van der 
Drift (17), Burges and Raw (12), and Graff and Satchell (22). 
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Stages in the Decomposer System 


Much of the material that falls to the forest floor will be at- 
tacked by a variety of organisms before it reaches the litter layer. 
Some of it will be converted into the faeces of both vertebrates 
and invertebrates, and considerable amounts will be invaded by 
elements of the microflora. As yet, we do not know how much 
decomposition takes place in the “above-ground” stage. Apart 
from the actual destruction of organic materials, other steps take 
place in the recycling of chemical substances, which short-circuit 
the main vegetation layer of a forest. Precipitation may remove 
both organic and inorganic constituents from the leaves. Carlisle, 
Brown, and White (13), for example, have shown that of the 
total amounts present in the litter layer of a deciduous woodland, 
3 percent of the phosphorus, 72 percent of the potassium, and 70 
percent of the nitrogen actually had been transported from the 
tree canopy by precipitation. In addition, they found that almost 
90 kilograms per hectare of carbohydrate had been washed out 
of the “above-ground” parts of the trees. Some of this soluble 
material may have originated in the secretions of insects. What- 
ever its origin, it provides, on the leaf surface and in the litter, a 
nutrient source for some of the microflora. 

The intensity of the decomposer processes is measured by the 
length of time required for decomposition to take place. Kendrick 
(33) has shown that it takes some nine years for needles of Pinus 
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FIGURE 2. Chemical changes during decomposition of Juncus leaves in 
nylon nets. (38). 
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sylvestris (Scotch pine), when placed on the litter layer, to lose 
their characteristic form. 

Kendrick and Burges (34) describe the succession of microfungi 
on such needles and provide information on the occurrence of 
some of the microfauna. Hayes (23, 24) has also followed the suc- 
cession of microfungi on Pinus sylvestris; he has found some 120 
species as against the 70 species recorded by Kendrick and Burges. 

The results obtained by Latter and Cragg (38), although not 
concerned with coniferous litter, are relevant here. They studied 
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FIGURE 3. Litter fall and composition of surface litter in plantations of 
Pinus sylvestris (53). 
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the decomposition of leaves of the rush Juncus squarrosus, grow- 
ing on redistributed acid peat in the cold, wet conditions of the 
northern Pennines in England. The site is similar in many ways 
to that of coniferous-bearing soils. The movement of leaves and 
leaf remnants down the profile, along with the accompanying 
changes in chemical composition and bacterial and fungal suc- 
cession, were followed in detail for two and a half years, during 
which time the leaves retained their distinctive form. At the end 
of that period they had lost some 50 percent of their original dry 
weight and had reached the F, horizon some three to four centi- 
meters below the surface of the litter. Figure 2 demonstrates the 
relatively slow rate of change in the major chemical constituents 
of Juncus (wiregrass) leaves during their passage into the F, 
horizon. 

The rate of decomposition as shown by Shanks and Olson (59) 
depends upon temperature and altitude. Douglas and Tedrow (18), 
working with bog and tundra organic matter in the Arctic, re- 
corded an annual decomposition rate of 2.8 percent dry weight 
loss. We can expect to find values of this order in much of the 
Northern Rocky Mountain area. 

An important aspect of the decomposer cycle that has yet to 
receive adequate attention is the changing composition of the 
litter layer, both seasonally and on a long-term basis. Figure 3 
shows these changes for Pinus (pine) plantations in England. 
Elements of the ground flora dominated the litter in the early 
years, and the more solid portions, e.g., cones, gradually increased 
with the increasing age of the stands. The different invertebrate 
communities associated with these different types of litter have 
not yet been studied in a quantitative manner. 


The Invertebrates of Litter and Soil 


In 1881, Darwin (15) clearly established that earthworms 
played a part in soil formation. Muller (44), in publications coin- 
cident with those of Darwin, described the role of soil inverte- 
brates in general. Their publications, however, came too late to 
influence the development of soil science. That subject was al- 
ready established as a branch of chemistry, as a result of the 
dramatic increases in crop production which followed the dis- 
coveries made by Liebig and by Lawes and Gilbert. Apart from 
some important taxonomic studies on individual groups of or- 
ganisms, soil invertebrates and in particular their functions were 
almost completely neglected until Bornebusch (8) made a quanti- 
tative study of soil animals associated with Danish woodlands. 
He provided the first assessment of the metabolic function of soil 


84 Invertebrates in the Decomposer System 


organisms in the decomposition of forest litter. The publications 
of Jacot (28, 29, 30) presented a synoptic picture of the functions 
of soil animals in general, and his work is of special importance 
to us because it is largely concerned with studies in eastern North 
America. 

An indication of the role of soil invertebrates in the decom- 
position and disappearance of leaf litter has been obtained by 
enclosing different types of litter in nylon nets of different mesh 
sizes and measuring the rate at which such material disappears. 
Bocock and Gilbert (6) and Bocock et al. (7), using this technique, 
showed that the rate of breakdown depended on the plant species, 
the chemical composition of the leaves, the local climate, and the 
type of soil fauna and flora. Edwards and Heath (19) used a mod- 
ification of this technique in studying the breakdown of discs cut 
from leaves of deciduous woodland species. Their results show 
that the rate of breakdown depends upon whether or not soil 
invertebrates gain access to the leaves. Leaves contained in fine 
meshes that excluded almost all small invertebrates showed no 
decay even after nine months, by which time all, or at least the 
greater part, of the leaves in the larger mesh nets had been frag- 
mented. 

Fungi and bacteria may be present on plant material before 
it reaches the ground, where it is invaded by other species and 
is attacked by the litter-inhabiting invertebrates. The major 
animal groups associated with the decomposition of organic 
materials include Protozoa, Nematoda, Enchytraeidae, Lumbri- 
cidae, Gastropoda, and many orders of Insecta, of which the Col- 
lembola, Orthoptera, Isoptera, Hemiptera, Lepidoptera, Coleop- 
tera, Hymenoptera, and Diptera may be represented by several 
hundreds of species. The Acarina and Myriapoda are other ar- 
thropods that play an important part in decomposition, particu- 
larly in coniferous forest soils. Kuhnelt (37) provides a broad 
account of the types and possible functions of organisms present 
in litter and soil. 

The Protozoa, Nematoda, Enchytraeidae, Collembola and Aca- 
rina are universally present in coniferous forest soils, and all of 
them, apart from the Protozoa, have received detailed study. 
Very little study has been made of Formicidae, very often present 
in large numbers in coniferous woodlands, from the point of view 
of their effects on other decomposer organisms. 

No quantitative records exist on the rate at which invertebrates 
colonize decomposing leaves. Invasion of Juncus (wiregrass) 
leaves may be slow, but it does take place within 60 days of de- 
position on the soil surface. There is considerable scope for de- 
tailed observations on the manner in which soil invertebrates find 
and settle on plant materials. 
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The Biomass of Invertebrates in the Decomposer System 


Modern studies illustrate that no single method exists for ob- 
taining reliable estimates of the number of invertebrates in litter 
and soil. The only satisfactory procedure is to treat each major 
taxonomic group as an entity, developing a technique for that 
particular group. Even then, one would be wrong to assume that 
the different species within a given group can be extracted with 
equal efficiency. Methods for obtaining population estimates are 
described in Kevan (35), Murphy (45), and Southwood (60). 
Reference should be made to the individual chapters in Burges 
and Raw (12), and Macfadyen (40), who considers the principles 
and practical problems involved in sampling soil arthropods. 
The International Biological Program, with the cooperation of 
UNESCO, is producing a handbook on methods for soil biology 
(55). 

Most methods of extracting invertebrates depend on the ability 
of the organisms to move along a particular gradient. These me- 
thods can have a high degree of extraction efficiency; however, 
their efficiency is affected by the condition of the organisms and, 
in particular, by differences in their capacity to react to changes in 
the enviromental gradients that are employed in the techniques. 
Ideally, extraction techniques should be independent of the or- 
ganism’s reactions, but such techniques have proved to be very 
laborious and, in many cases, they have not been any more ef- 
ficient than the supposedly less desirable methods. 

Considerable attention has been given to the extraction of small 
arthropods from litter and soil. Most of the methods which are 
used are modifications of the Tullgren funnel technique. Mac- 
fadyen (39) has improved the technique by steepening the tem- 
perature gradient and introducing a humidity gradient. The re- 
sulting “High Gradient” extractor possesses a high degree of 
efficiency for Collembola, and Block (5) found it 76 percent 
efficient for Acarina. 

Salt et al. (57) introduced extensive improvements to mechani- 
cal methods by combining flotation with a technique for separat- 
ing plant and insect materials based on their very different wet- 
ting properties. The method is highly efficient for soils with a 
high mineral content, but many arthropods intimately attached to 
coarse fragments of vegetation can escape extraction; the method, 
therefore, is not suitable for coarse litter. It has, however, pro- 
vided an overall picture of the abundance of many diverse arthro- 
pod groups. 

A new principle for mechanical sorting has been introduced by 
Aucamp and Ryke (2) and Aucamp (1). Their method depends 
on the fact that organisms adhere to plates covered with a grease 
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film. Results so far indicate that this sorting method is much 
more efficient for oribatid mites than is the Tullgren-type ex- 
tractor. It has not been tested for forest soils, and it seems likely 
that the coarse litter of coniferous soils will markedly reduce its 
efficiency, partly because the material may remove the grease 
film, and partly because some organisms will remain attached to 
portions of vegetation. 

Our limited knowledge of soil organisms is exposed when we 
seek information on the total soil fauna and flora of any eco- 
system. The only comprehensive figures given in Burges and 
Raw (12) are from Bornebusch (8); and Macfadyen (41) presents 
data for a “hypothetical grassland community.” If we limit the 
study to arthropods; reliable information is available for a few 
sites. Salt et al. (57), for example, extracted 306,000 organisms per 
square meter, belonging to 19 orders of arthropods, from a cool- 
temperate grassland. 

Table I gives biomass data for Macfadyen’s hypothetical ex- 
ample and for four European localities. Some of the individual 
values must be treated with caution, particularly the figures from 
Stockli (61) which have been discussed by Nielsen (47) and Cragg 
(14). From the standpoint of soil biology, these figures represent 
a first attempt to present both the plant and animal components 
of the soil. The compilation is for Swiss meadowlands to a depth 
of 15 centimeters. The estimates of microflora, however, were de- 
rived from figures obtained at Rothamsted, England. Further- 
more, in the light of other studies on lumbricid populations (See 
Table 6, Satchell, 58), it is unlikely that the Stockli estimate of 
400 grams per square meter is typical for Swiss grasslands. A 
value not greater than 120 g/m” would seem more reasonable. 

The Bornebusch examples provide a comparison between a 
deciduous mull and a Picea mor. We now believe that he under- 
estimated some groups, and Cragg (14) attempted to provide re- 
vised figures. 

The Juncus (wiregrass) site, on upland moorland in northern 
England, is similar in some ways to coniferous-bearing soils. The 
various organisms were extracted by methods specifically de- 
signed for the different taxonomic groups. Furthermore, each 
group was studied at regular intervals over at least one year, in 
order to allow for seasonal fluctuations. Latter and Cragg (38) 
investigated the microflora of the same site, and Heal (personal 
communication) has estimated the Protozoa. Thus, the figures for 
Juncus mor provide information on the major elements in the 
soil fauna and flora for one site, although not all the information 
was obtained over the same period of time. 

The examples in Table 1 demonstrate a marked distinction be- 


TABLE 1. Comparison of standing crop in g/m’ (live wt.) for five European localities. 


Juncus moor 


Grassland Quercus Mull Picea—Raw Humus (Cragg, 9) 
(Stockli, (Macfadyen, (Bornebusch, Revised (Bornebusch, Revised (Latter 
Organisms 61) 41) 9) Cragg, 14) 9) Cragg, 14) Cragg, 38) 
Bacteria -— — ......- 2022 1000.0 135 * 
Microfungi 400.0 62 * 
Protozoa ——— 38 38.0 10.0* 
Nematoda __ 5 12.0 2.5 4.5 1.6 
Enchytraeidae _ - 1.5 12.0 0.68 5.9 0.05 25.0 53.0 
Lumbricidae __ 400 120.0 61.00 61.0 1.55 1.6 1.0 
Collembola - — 81 5.0 0.10 5.2 0.14 6.8 0.1 
Acarina _ 81 3.0 0.06 0.6 0.45 4.5 0.6 
Gastropoda _ 81 10.0 5.32 14.9 7.6 
Isopoda _. 8l 5.0 0.28 14.9 7.6 
Diplopoda 81 12.5 4.70 14.9 7.6 
Diptera 81 1.0 3.10 14.9 1.03 7.6 21.77 
Other insects = 81 1.0 0.90 14.9 4.79 7.6 
Other invertebrates —. 81 7.4 0.67 14.9 1.83 7.6 
Total animals _____.- 525.5 225.9 76.81 90.1 9.84 50.0 88.0 
Total microflora _____ 2022.0 1400.0 197.0 


The basis for the revised figures for the two Bornebusch sites is given in Table 9, Cragg (14). 
*Denotes the highest estimates for microflora and protozoa given in Table 2, Latter & Cragg (38). 
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tween the soil inhabitants of mor and mull sites. The two mor 
sites (Picea and Juncus), have very few large lumbricids. Their 
scarcity limits the amount of mechanical mixing of the litter and 
soil layers, allowing the accumulation of mor-type organic matter 
as a distinct horizon. This does not mean that their absence is 
responsible for the formation of mor humus. This, as Satchell (58) 
points out, results from the chemical nature of the forest litter. 

The invertebrate fauna of mor soils is essentially a microfauna 
with enchytraeids, rarely longer than one to two centimeters, as 
the largest members. They constituted some 60 percent of the 
total biomass of the Juncus site and, in view of their abundance 
in soils with a high organic content, they probably dominate the 
soil and litter fauna in all coniferous habitats. Studies now in pro- 
gress (Dash and Cragg, 16) in the Rockies suggest that their stand- 
ing crop will not exceed one-fourth to one-third of the mean 
density 134,300/m* (live wt. 10.8 g) recorded by O’Connor (51) for 
a Pseudotsuga menziesii stand in north Wales. 

If the preliminary results of Dash and Cragg (16) are indicative 
of the general abundance of the soil fauna in Rocky Mountain 
forests, then the total microfauna is unlikely to exceed the 88g/m? 
(wet wt.) recorded for Juncus moor. The average standing crop 
of microfauna on that site is interestingly enough equivalent to 
eight to ten hill sheep per acre. Because Juncus moor rarely car- 
ries more than two sheep per acre, and then only for approxi- 
mately half the year, the soil and litter fauna is some four to five 
times the weight of the sheep grazing the vegetation. 


Metabolic Aspects of the Decomposer System 


The litter and soil communities process a large amount of or- 
ganic material, and the extensive range of organisms involved, 
from the million or so bacteria per gram of soil to the many 
thousands of invertebrates, indicates that the processes of decom- 
position are both numerous and complex. To understand the 
working of a forest ecosystem at the decomposer level, we require 
information of two kinds: detailed information on the metabolic 
requirements of individual species and information on the trans- 
fer of energy through the various trophic levels. 


Feeding Biology 
We can make a few generalizations about soil invertebrates. 
Modern work shows that the major groups associated with coni- 
ferous forest soils are essentially grazers on the microflora. The 
protozoa are predominantly bacterial feeders (Stout and Heal, 
62), and some species can certainly select specific bacteria. It is 
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unlikely that they consume microfungi to any extent (Heal, 25). 
The nematodes show a great degree of variety in feeding habits. 
In more soils (Nielsen, 47, 50; Banage, 3) the majority feed on 
plant juices or bacteria, but some are important predators on Pro- 
tozoa and other nematodes. The Enchytraeidae are mainly fungal 
feeders, and this is certainly the case for the species found by 
O’Connor (51) in a Pseudotsuga (fir) plantation. The Lumbricidae 
are well-known as plant feeders, but as Satchell (58) indicates, 
some species take in considerable amounts of soil, feeding on its 
microfloral protoplasm. The Collembola feed largely on micro- 
fungi. The Acarina show a range of food habits; many are im- 
portant predators on other Acarina and on the microfauna in 
general. The Cryptostigmata, which are the most abundant 
Acarina in coniferous soils (Wallwork, 64), are both microfungal 
and bacterial feeders; some will feed on plant detritus and the 
faeces of other soil animals. Experiments have demonstrated that 
lumbricids can select their food materials. Bornebusch (9) lists 
the order of preference shown by Lumbricus terrestris (earth- 
worm) for the leaves of a number of plant species. The gymno- 
sperms are among those least preferred. Abies alba (silver fir) 
and Pseudotsuga menziesii (Douglas-fir) are ranked higher than 
Pinus sylvestris (Scotch pine), while the least palatable forms 
were Picea abies (Norway spruce), Larix decidua (European 
larch) and L. leptolepis. One of the major factors influencing 
palatability appears to be the polyphenolic compounds. Brown, 
Love, and Handley (11) have demonstrated their presence in the 
least palatable litters, whereas preferred materials such as 
Mecurialis and Fraxinus are free from such substances. Satchell 
(58), who reviews this important subject of palatability, has 
demonstrated the degree to which L. terrestris (earthworm) is 
repelled by different concentrations of catechin, a polyphenol 
present in many leaves. 


Inter-relations of microfauna and microflora 


The summary of feeding habits implies that the soil fauna, and 
certainly the microfauna characteristic of mor soils, plays no 
obvious part in the primary decomposition of plant tissue. Nielsen 
(49) studied the enzymes present in some 34 litter and soil inver- 
tebrates, which included enchytraeids, lumbricids, a wide range 
of arthropods (Acarina and Collembola were not investigated) 
and gastropods. He concluded that these invertebrates were not 
responsible for the very important first step in decomposition, 
namely, the transformation of the complex structural polysae- 
charides into assimilable monosaccharides. This first step is re- 
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garded as a major role of the microflora, although some Protozoa 
may beinvolved. Thus it seems likely that the abundant litter and 
soil invertebrates provide none of the biochemical machinery 
necessary for primary decomposition. However, their enzymes 
allow them to utilize the resultant products. That they are of 
importance is shown by the fact that the rate of decomposition 
of tree litter is negligible when they are absent. 

The majority of the litter and soil invertebrates consume large 
amounts of plant material and produce copious faeces, the bulk 
of which is usually undigested plant fragments. These materials 
are dispersed throughout the litter and soil and, in theory, provide 
a wide range of different substrates for microorganisms. Whether 
invertebrate faeces do provide such substrates still remains un- 
decided. Witkamp and van der Drift (65) concluded that the 
faecal pellets of Enoicyla pusilla (Tricöptera) larvae, which live 
in litter, are a more favorable habitat for microorganisms than is 
whole leaf litter. On the other hand, Nicholson, Bocock, and Heal 
(46) studying the breakdown of the faeces of Glomeris, a char- 
acteristic millipede in many soils, concluded that their rate of 
breakdown was no greater than that of fresh litter. However, 
even if faeces, in some cases, are not more suitable for microbial 
attack than is the surrounding litter, the mechanical transporta- 
tion of microorganisms may be of considerable importance. Dis- 
cussing lumbricids, which have been studied extensively, Satchell 
(58) ends his review with the following sentence: “On present 
evidence, conditioning plant remains for microbial decomposition 
seems to be the most important action of Lumbricidae in the eco- 
system.” 

The microflora are the main agents in the decomposition pro- 
cess; at the same time, they serve as the main food supply for 
many members of the microfauna. At first sight, these two roles 
appear to be in conflict, and it might seem that the microfauna 
could limit the decomposer activities of the microflora. However, 
the results of exclusion experiments using nylon nets demonstrate 
that, where members of the microfauna are excluded, the rate of 
decomposition is reduced. Thus, there must be an important 
interaction between the two components of the soil community. 
The mechanical role of the fauna in subdividing plant tissues pro- 
vides a greater surface area for the operation of the microflora. 
Furthermore, the microfauna can act as agents of dispersal for 
the microflora. Macfadyen (43) suggests the important possibility 
that the grazing activity of the microfauna prevents the develop= 
ment the grazing activity of the microflora. It may be that by pre- 
venting aging, the fauna maintains a high level of activity in the 
microflora. 
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Metabolism of litter and soil populations 
Macfadyen (43) has attempted to analyse the roles of the 
herbivore, decomposer, and predator trophic levels in nine soil 
communities. His sites include four of those listed in Table I, and 
his comparison of the total annual respiration contributed by each 
of the trophic levels in these four sites is shown in Figure 4. There 


MEADOW (Hypothetical) OAK MULL 


PICEA MO@R JUNCUS MOOR 


FIGURE 4. Metabolism of Different Trophic Levels. Comparison of the 
total annual respiration of four sites. Sectors reading clockwise from the 
top represent herbivores, large decomposers, small decomposers, and pre- 
dators. 


are clear distinctions between mor and mull sites, the former, 
which includes coniferous forest, shows a high metabolic output 
on the part of the small decomposers which comprise Collembola, 
Enchytraeidae, some 50 percent of the Nematoda and the oribatid 
Acarina. The Protozoa were not included in the analysis. Mac- 
fadyen also draws attention to the fact that in all nine sites the 
contribution of the herbivore trophic level was remarkably uni- 
form. Engelmann (21), using the Macfadyen data, also comments 
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on the similarity in herbivore metabolism, which amounted to 
some 20 to 33 percent of the total metabolism for each community. 

This analysis represents no more than a superficial attempt to 
arrive at a model for the overall metabolism of a decomposer 
system. On the basis of our present knowledge, it is difficult to 
assign organisms to particular trophic levels. In fact, if we are 
to derive a meaningful picture of the processes in the decomposer 
system, we will have to erect a model of microlevels with which 
we can study biochemical details based on nutritional require- 
ments. Although there is a shortage of such information, this field 
of enquiry is currently attracting attention, as Burges and Raw 
(12) show. 

Before we can prepare a worthwhile balance sheet of the 
metabolic operations in a community, we must have a reliable 
measure of how much new protoplasm is produced for each group 
of organisms involved in the community. Table I is concerned 
with average standing crops. For realistic assessments of produc- 
tion, that is, the amount of organic matter produced in a specified 
time interval (irrespective of whether or not it survives to the 
end of that interval), the standing crop is not sufficient. We 
must know the population density, age and sex structure, food 
assimilation, and respiration of the dominant organisms. At pre- 
sent, we have few complete investigations. 

If we compare the results of studies made by Engelmann (20) 
with those made by Berthet (4) on Acarina, those of Healey (26, 
27) on Collembola with those of Nielsen (48) on Nematoda, and 
those of Nielsen (48) with those of O’Connor (52) on Enchy- 
traeidae, we can see that the metabolic activity of the Nematoda 
and Enchytraeidae outweights that of the micro-arthropods by a 
factor of 10 to 20. Macfadyen (43) suggests that the soil fauna 
is responsible for not more than 20 percent of the total metabolic 
activity of the soil community. In view of the high rates found 
for nematode and enchytraeid populations, the microfauna may 
account for much more than 20 percent in coniferous forest soils. 


Conclusion 


This sketch of the composition and role of the invertebrate fauna 
of litter and soil exposes our present ignorance of what constitutes 
a range of animal communities of considerable size, both in terms 
of abundance of organisms and in terms of variety of taxonomic 
groups. Some of the missing information will come out of various 
International Biological Program projects. I stress the need 
for taxonomic studies, because without a sound taxonomy the 
study of many aspects of soil biology becomes meaningless. We 
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require census data for all soil invertebrates present in the same 
site. We also need to know more about the general biology of a 
number of relatively common soil organisms in order to form a 
basis for detailed investigations on the metabolic activities of soil 
organisms in general. 

Although such studies should be planned within a systems ap- 
proach (Van Dyne, 63), an approach that is being emphasized in 
many International Biological Program studies, particularly in 
the United States, I cannot overemphasize the need for the care- 
ful collection of basic biological information in the field. There 
has been a tendency in soil biology to seek quantitative informa- 
tion on activity and gross distribution, to the neglect of observa- 
tional studies on micro-distribution. For example, while Darwin 
and others have emphasized the importance of lumbrieids in soil 
formation, the part played by the microfauna was overlooked. 
According to Kubiena (36), the A, and A, horizons of the Pitch- 
rendzina of the Austrian Alps are coprogenous in origin and made 
up of collembolan faeces to a depth of some 30 centimeters. 
Zachariae (66, 67, 68) has examined the form and distribution of 
invertebrate faeces in many soils. He concludes that the so-called 
collembolan soils have been formed by Enchytraeidae. His studies 
on the distribution of faeces, in relation to different litter and soil 
horizons, deserve attention. 

Zachariae’s studies are typical of the current developments in 
soil micro-morphology. Jongerius (31) has developed soil sec- 
tioning techniques that allow for a detailed study of different 
forms of humus. With the introduction of the Bleetroscan micro- 
scope, it has become possible to “see” the distribution of bacterial 
colonies on soil particles, and with further refinements the micro- 
scope should provide much needed detail on the micro-habitats 
within which the soil microorganisms and invertebrates operate. 

The functioning of a natural ecosystem depends upon the effi- 
cient operation of its decomposer component. Now that so many 
of man’s activities affect ecosystems, we need to understand 
how they operate and how units within them are influenced by 
various types of interference. Even if our present knowledge of 
decomposer processes is largely fragmentary, we know what hap- 
pens when some of the organisms are put out of action. Raw (56), 
for example, has described changes in the soil profile of an apple 
orchard where copper sulphate had killed the lumbricids. Karg 
(32) has demonstrated the selective effect of certain persistent 
insecticides on field populations of Collembola and Acarina. Some 
species were reduced to low levels or completely destroyed, 
whereas others reached high densities. In some cases, the final 
result was to accelerate the rate of decomposition. 
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Discussion 
Question: Is most of the soil microfauna within one or two centi- 
meters of surface, or are there appreciable numbers at lower 
levels? 


Dr. Cragg: Most of the microfauna is confined to the upper layers 
of the A horizon and to the zone which I usually describe as the 
fermentation layer. The organisms in which I am particularly 
interested, the nematodes, protozoa, enchytraeids, collembola and 
mites, occur abundantly in the region of the fermentation zone. 
In coniferous soils, because strong burrowing forms are absent, 
most of the fauna is confined to the top six inches of the litter 
and soil complex. 


Question: Some of our forest types in the Northern Rockies are 
susceptible to very intensive fires, which appear to consume 
practically all the soil above the mineral surface. How do the 
micro-organisms survive? 


Dr. Cragg: Most of them have remarkable recovery powers, as 
do many other invertebrates. There will be a spell when they are 
perhaps not numerous, but they do recover quite well after forest 
fires. But first you must reestablish the food material, which in 
most cases is the microflora. 


Question: Then the microfauna would have to survive essentially 
in the mineral soil? 

Dr. Cragg: Yes, but there will be pockets of soil with some organic 
material in it which will act as refuges or reservoirs for these 
organisms. 

Someone mentioned the rapid accumulation of litter in some 
situations. This is important, because it shows that the decom- 
poser processes are working very slowly indeed. I am reminded 
of an example. In Australia there are plantations of Pinus 
radiatoa, where there are virtually no litter organisms at work, 
and where, as a consequence, the litter is piling up and there is 
poor recirculation of nutrients. The second crop of radiata is some 
20-25 percent below the first crop. 

Question: Are there differences between the soil microfaunas in 
different plant communities: grassland, deciduous forest, coni- 
ferous forest, and so on? 


Dr. Cragg: Yes. There are various differences in composition. 
In Europe, one of the major differences is that in grasslands and 
in deciduous woodlands, the earthworms play a very large part. 
In coniferous forest, you have no earthworms, and this, of course 
is one of the reasons why most activity within the soil is very 
close to the surface. 


